The aim of this study was to assess the utility of commercially developed genotyping array for cross-species genotyping in order to estimate the genetic variation across two species from family Cervidae. The genotyping of individuals was carried out using Illumina BovineSNP50 BeadChip. The cross-species application of bovine array was tested overall in 3 farmed and 5 free range Red deer (Cervus elaphus) and 2 free range Fallow deer (Dama dama). After applying data quality control 97.2% of SNPs localized on the chip were removed and only 1,530 autosomal markers showed polymorphism across all analysed individuals. Across all polymorphic SNPs the minor allele frequency reached the average value 0.23±0.16. The analysis based on Bayesian clustering approach clearly showed a partition of deer in two separate clusters in relation to their phylogenetical relationship. Moreover, the PCA analysis indicated that the genetic differences between farmed and free range Red deer caused the division of analysed individuals into the two subpopulations. But the results of cross-species genotyping should be present with caution, because the bovine chip developed primarily for taurine cattle breeds is not fully representative to the evolutionary changes in genome of cervids. Nevertheless, our results suggested that the utility of bovine array alongside microsatellite markers and mtDNA can be very perspective for genetic diversity estimation in deer populations.
INTRODUCTION
The patterns of genetic variation within wild animal populations may be influenced mainly by natural and anthropogenic factors. Human activity such as agriculture, deforestation, hunting, introduction of alien species or translocation of populations may greatly affect the level of genetic diversity and structure of natural population as well as and reduce their fitness and future adaptive potential (Rosvold et al., 2012) . The microevolutionary consequences of human practices might have profound effects not only on threatened species living in small and isolated populations, but also on common and widespread species subject to strong management practices (Olano-Marin et al., 2014) . In both present and ancient time deer (Cervidae) belong to the most important species representing usable models to assess the consequences of introduction events and breeding practises on genetic diversity. In addition, Cervidae is one of the few mammal family for which farmed and wild/ feral populations may be found in sympatry (de GarineWichatitsky et al., 2009). However, due to heavy hunting and habitat alterations, many populations were severely reduced in numbers in previous centuries (Rosvold et al., 2012) . Understanding of population genetic structure is important for management of species as genetically isolated populations with limited diversity are often associated with inbreeding and reduced reproductive fitness. The population bottleneck is one of the factors that can result in the genetic diversity loss. It may cause a reduction in number of alleles and heterozygosity, the fixation of deleterious alleles, and potentially the occurrence of inbreeding depression in populations (Webley et al., 2007; Ernst et al., 2012) . The reduction of genetic diversity and the impact of bottleneck effect have been Mainly two methods utilizing microsatellite markers and mitochondrial DNA (mtDNA) control region are preferred for the analysis of genetic diversity in deer species. The aim of this study was to assess the utility of cross-species genotyping in the genetic variation estimation within two species from the family Cervidae, red deer and fallow deer.
MATERIAL AND METHODS
Two species from family Cervidae were included in this study. The cross-species application of genotyping array was tested overall in three farmed and five free range Red deer (Cervus elaphus) and two free range Fallow deer (Dama dama). All the analysed individuals were originated from Slovakia. The farmed deer samples represented male progeny of sires from New Zealand and dams from Hungary, whereas the free range deer were trophy animals. The single nucleotide polymorphisms (SNPs) genotyping were carried out using Illumina BovineSNP50 BeadChip in commercial lab (Illumina, Inc. San Diego, USA). Firstly any markers with unknown chromosomal position and SNPs located on sex chromosome were removed. Secondly the quality control of genotyping data was applied to eliminate any SNPs with genotyping errors (loci with >10% missing genotypes), less informative markers (MAF<0.01) and markers deviating from Hardy-Weinberg equilibrium limit of 0.001. This resulted in total of 1,530 informative autosomal SNPs which passed the above criteria and were usable for genetic variability analysis within analysed cervids.
The genetic differentiation among the analysed deer was estimated using two approaches, the Bayesian clustering method and principal component analysis (PCA). The basic sample and marker statistic of genotyping data was calculated using SNP & Variation Suite (v7.6.8 Win 64, Golden Helix, Bozeman, MT, USA, www. goldenhelix.com). The Bayesian clustering implemented in STRUCTURE 2.3.4 (Pritchard et al., 2000) was used for estimation of groups number represented by all analysed individuals in relation to the individual admixture proportion. The STRUCTURE analysis was carried out using the default parameters of an admixture model and correlated allele frequencies across all the individuals based on burn-in period of 10,000 followed by 100,000 Markov chain Monte Carlo (MCMC) replications. Ten runs were performed from K=1 to K=10 a4nd the K with the highest likelihood was selected using the STRUCTURE HARVESTER (Earl and von Holdt, 2012) that evaluate the log probability of data (ΔK) according to Evanno et al. (2005) . Subsequently, the genetic differences among the analysed deer in relation to the population structure pertaining to the individuals and species were estimated based on principal component analysis (PCA) performed using the SNP & Variation Suite (v7.6.8 Win 64, Golden Helix, Bozeman, MT, USA, www.goldenhelix.com).
RESULTS AND DISCUSSION
After applying the quality control of genotyping data from the total 54,609 SNPs localized on the chip 552 loci with unknown position and 1,171 SNPs related to the sex chromosomes were removed. Subsequently, in the control processes of remaining autosomal SNPs it was found that the 53.89% of markers were genotyped successfully at least 90% of individuals. However most of them were monomorphic and only 5.37% of markers showed polymorphism (2.8% from the total SNPs amount). The proportion of polymorphic SNPs varied across autosomes. The highest part of polymorphic loci was found on autosome 2 and the lowest on autosome 23 (Figure 1 ). The observed proportion of polymorphic markers was comparable with results published by Haynes and Latch (2012) that similarly tested the application of bovine genotyping array on species from family Cervidae. The power to detect genetic effects is dependent on minor allele frequency (MAF). In the previous studies it has been demonstrated that rare genotypes are more likely to result in spurious findings, and therefore SNPs with MAF<10% are mostly removed (Tabangin et al., 2009 ). This study tested only SNPs with MAF limit of 0.01. Across all the polymorphic SNPs the minor allele frequency reached the average value 0.23±0.16. The highest proportion of SNPs with common MAFs variants (0.10<MAF≤0.5) was found on chromosome 16. On the contrary the highest proportion of MAFs<0.10 was observed on autosome 18. Across the all analysed individuals and informative loci the heterozygosity was found at the level 0.28±0.007.
The Bayesian clustering approach revealed a partition of deer in to two separate clusters. However, based on the method assessing log probability of ΔK (Evanno et al., 2005) the local maxima at K=3 (Figure 2 ) was detected. The observed difference can be attributed to the genetic diversity in Red deer group also demonstrating the principal component analysis. However the distribution observed using STRUCTURE analysis clearly showed division of analysed individuals in relation to the species origin.
Figure 1. Distribution of polymorphic SNPs across autosomes within two MAF value levels (intermediate and common variants)
The power to detect genetic effects is dependent on minor allele frequency (MAF). In the previous studies it has been demonstrated that rare genotypes are more likely to result in spurious findings, and therefore SNPs with MAF<10% are mostly removed (Tabangin et al., 2009 ). This study tested only SNPs with MAF limit of 0.01. Across all the polymorphic SNPs the minor allele frequency reached the average value 0.23±0.16. The highest proportion of SNPs with common MAFs variants (0.10<MAF≤0.5) was found on chromosome 16. On the contrary the highest proportion of MAFs<0.10 was observed on autosome 18. Across the all analysed individuals and informative loci the heterozygosity was found at the level 0.28±0.007. The Bayesian clustering approach revealed a partition of deer in to two separate clusters. However, based on the method assessing log probability of ΔK (Evanno et al., 2005) the local maxima at K=3 (Figure 2 ) was detected. The observed difference can be attributed to the genetic diversity in Red deer group also demonstrating the principal component analysis. However the distribution observed using STRUCTURE analysis clearly showed division of analysed individuals in relation to the species origin. The principal component analysis performed from the genetic covariance matrix using genotyping data and the correlation coefficient between sample and genotypes for each locus across analysed individuals showed similarly the clear differentiation of animals into the separate clusters related to each species (Figure 3.) . Moreover, the PCA analysis indicated that the genetic differences between farmed and free range Red deer caused the division of the analysed individuals into the two subpopulations. The bovineSNP50 array was successfully used in cross-species genotyping in order to The principal component analysis performed from the genetic covariance matrix using genotyping data and the correlation coefficient between sample and genotypes for each locus across analysed individuals showed similarly the clear differentiation of animals into the separate clusters related to each species (Figure 3.) . Moreover, the PCA analysis indicated that the genetic differences between farmed and free range Red deer caused the division of the analysed individuals into the two subpopulations. The bovineSNP50 array was successfully used in cross-species genotyping in order to estimate genetic diversity in several phylogenetically related species (Michelizzi et al., 2011; Miller et al., 2012) . However, the results of these studies should be interpreted with caution because the problem associated with the use of commercially developed array for discovery of novel SNPs in genetically related species is the occurrence of ascertainment bias, the systematic deviation from the expected allele frequency distribution (Haynes and Latch, 2012) . This may occur if the SNPs are identified in a small sample of population from part of the species range and also by application to the evolutionary more distant species, because the loci cannot be representative to the evolutionary changes in both species.
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CONCLUSION
One of the problems that mainly biased all analyses in relation to the cross-species genotyping is th fact that the applied array is not fully representative to the genome of genotyped species. Moreove the cervid karyotype is very different as in bovids. However the results of our study indicated that th utility of commercially developed array for model animals can be very perspective to analysis o genetic differentiation within phylogenetically related non-model species. In the situation when th whole genome scan of cervids is not available use of bovine array is one of the ways that can provid usable tools alongside microsatellite markers and mtDNA for genetic diversity estimation an phylogeny studies in deer populations. 
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